Scutellonema bradys is the most important nematode species affecting yam production in Benin. Two experiments were conducted to assess the variation in pathogenicity of three separate populations of S. Weights of tubers from IsoToui-and IsoSave-inoculated plants were lower than those from control plants. Dry rot severity was more pronounced on cv's Moroko and TDr131 tubers than on cv's Aloungan and Banioure, while no dry rot symptoms were observed on cv Tabane tubers. IsoToui and IsoGlaz caused higher (P 0.05) tuber dry rot severity than IsoSave. Differences in nematode population densities occurred across S. bradys populations for cv's Tabane, TDr131 and Aloungan with IsoSave resulting in the highest nematode population densities on cv's Aloungan and TDr131. IsoToui caused the highest percentage weight loss. During 5 months storage, infected tubers lost more (P 0.05) weight than uninfected control tubers. The differences in weight loss of infected tubers differed on tubers infected by the various nematode populations. Nematode multiplication during the storage period also differed among populations.
Introduction
Yam (Dioscorea spp.) is one of the most popular and widely consumed foods in the world. It plays a staple role in the diets of many countries, notably those in Africa, South America, the Pacific Islands, and the West Indies. In 2004, 36.9 million tonnes of yam were produced globally, of which 95.8% was harvested in Africa. In Africa, Benin is the fourth largest producer of yam with 2.5 mt after Nigeria (27 mt), Ghana (3.8 mt) and Côte d'Ivoire (3 mt) (FAOstat, 2004) . Yam is cultivated in the central and the northern parts of Benin (96.8% of total yam production area), which is characterised by a diversity of soil types (mineral, ferruginous, ferralitic, hydromorphic, vertisols), climate (beninese, sub-sudanian, tropical sudanian, atacorian) and vegetation (fallow, mangrove swamp) (Adam and Boko, 1993; Dansi et al., 2003) . Also, numerous cultivars of different yam species are cultivated in Benin, where cultural practices differ among regions and according to ethnic habits (Vernier, 2001) .
Scutellonema bradys (Steiner and LeHew) Andrassy, the causal agent of dry rot, is amongst the most important constraints that challenge yam production in West Africa (Bridge, 1982) . During storage, secondary organisms such as mites, fungi or bacteria soon invade the shallow lesions caused by the feeding of the nematode. This leads to the more extensive, internal decay of tubers known as ''wet rot'' (Adeniji, 1970) . A study on the distribution, population density and incidence of plant parasitic nematodes and associated damage of marketed yam on market stalls in several West African countries during 2002 and 2003 demonstrated the presence of S. bradys on marketed yam in all countries assessed (Coyne et al., 2005a) . In Benin, S. bradys was first reported on yam in 1992 (Sturhan, 1992) and has been found to be the most important nematode affecting the crop in the country (IITA, 1999) . Identification of S. bradys continues to rely on morphological characters. However, although only S. bradys, within the genus Scutellonema, is reported to affect yam and cause dry rot, Scutellonema clathricaudatum Whitehead and Scutellonema cavenessi Sher are closely related, occur in West Africa, are morphologically similar and are easily confused, creating certain taxonomic confusion (Baujard and Martiny, 1995) . Traditional approaches in nematode diagnosis are time consuming and expensive and results from these may not be unequivocal (Dhillon, 1998) . Key descriptive characters can often vary considerably between nematode species and among races of the same species (Whitehead, 1968) . Recently, molecular studies on S. bradys populations extracted from different yam cultivars collected throughout West Africa, including Benin, showed high levels of polymorphism and morphological variability (Coyne et al., 2005b) . To date, however, it is not known whether variability in pathogenicity of S. bradys exists between different isolates or geographic populations, and if so, to what extent this is related to yam cultivar.
Selection of a representative nematode population is critical for any resistance screening procedure (Bouquet et al., 1975) . Aggressive populations should be selected for screening purposes to detect genotypes possessing the highest level of nematode resistance, while a range of populations to screen against can improve the resistance selection process. The objectives of the current study were firstly to assess the variability of three Benin S. bradys populations in terms of pathogenicity on yam pre-and post-harvest, in relation to yam cultivar, based on seven common yam cultivars cultivated in Benin.
Materials and methods

Experimental sites and climatic conditions
The experiments were located at the International Institute of Tropical Agriculture (IITA) Cotonou Station, Benin experimental farm during 2002-2003 and on a farmer's field at Save in central Benin during [2003] [2004] . IITA-Cotonou Station is located in the coastal savannah zone at 6.25 N, 2.19 E, with an altitude of 23 m above sea level. The climate is sub-equatorial and the soil is of a hydromorphic nature, which is derived from and representative of lowland seasonally flooded areas (Adam and Boko, 1993) and characterised by N -0.5%, P 2 O 5 -0.27 ppm, K 2 O -0.02 meq for 100 g soil, C -0.6%, pH -6.18, and a C/N ratio of 5.37 (Mahougbe, 1996) . The minimum total monthly rainfall during the experimental period was 32 mm, recorded in June 2002 and the maximum 393 mm, recorded in August 2002. The minimum average daily temperature during the experiment was 24 C and the maximum 32 C. The Save site is located in the northern Guinea savannah at 8.26 N, 2.22 E, characterised by a ferruginous soil, and a sub-Sudanian climate (Adam and Boko, 1993) . The minimum total monthly rainfall was 22 mm and the maximum 236 mm. The minimum average daily temperature during the experiment was 25 C and the maximum 33 C.
Experimental design and details
The experiments comprised two factors: ''nematode population'' and ''yam cultivar''. The factor ''nematode population'' had four treatment levels at both experimental sites: three separate geographical populations of S. bradys from three localities namely Save, Toui and Glazoue in Benin and an uninfected control. The factor ''yam cultivar'' had four treatment levels at IITA: cv's Banioure, Kokoro, Kpouna and Tabane and five at Save: cv's Banioure, Aloungan, TDr131, Moroko and Tabane. At both sites, a randomised complete block design was used with three replicates.
Yam tubers weighing 400-500 g each (size-1 tubers) were used for planting throughout the study. The tubers were hot-watertreated at 50 C for 30 min (Smit, 1967) For both experiments, pre-plant nematode population densities in the soil were determined shortly before planting. Soil samples were taken from 30 m Â 20 m areas reserved for the experiments. Using a trowel, approximately 100 g soil was collected from each 1 m 2 , at a depth of ca. 15-20 cm following a systematic collection procedure (Barker and Niblack, 1990) . Soil from each 100 m 2 was combined in a plastic bag and labelled, providing a total of six bulked soil samples. Nematodes were extracted from 3 Â 50 g soil sub-samples for each bulked soil sample, over 48 h by means of a modified Baermann method (Hooper, 1990) . Nematodes were identified to genus level and population densities assessed as described below.
Inoculum preparation and inoculation procedure
Three populations of S. bradys were used in the current study. They were obtained from heavily infected yam cv Ala tubers collected from Save (8.06 N, 2.54 E) and Toui (8.41 N, 2.41 E) in the northern Guinea savannah and from Glazoue (7.94 N, 2.25 E) in the southern Guinea savannah in Benin. Inoculum population density was determined prior to inoculation by peeling tubers manually with a kitchen peeler. Several 'strips' of peel were removed from different portions of the tubers, chopped and nematodes extracted from 3 Â 5 g sub-samples using a modified Baermann method over 48 h (Hooper, 1990) . The nematode suspension was collected and nematode population density assessed from three 10 ml-aliquots using a Leica Wild M3C stereomicroscope. From the nematode population densities obtained, the weight of yam peel that contained ca. 1000 S. bradys juveniles and adults (combined) for each population was calculated. Consequently, 7.3, 7.9 and 8.2 g S. bradys-infected yam peel (cv Ala) were used, respectively, for Save (IsoSave), Glazoue (IsoGlaz) and Toui (IsoToui) populations, and applied as inoculum per plant at the IITA site. The control treatment consisted of plants inoculated with 7.8 g (average of infected peel weights) of S. bradys-free yam peel of yam cv Ala. At Save, 9.6, 8.9 and 9.3 g S. bradys-infected yam peel cv Ala were applied per plant as inoculum for Save, Glazoue and Toui populations, respectively. Control treatment plants received each 9.3 g of uninfected yam peel.
For both experiments, plants were inoculated at 4 weeks after planting. A shallow trench was dug at ca. 5 cm radius around the stem of each plant, to a depth (ca. 5-10 cm) that exposed some of the roots. The chopped tuber peel was placed around the roots and then covered with soil (Kwoseh, 2000) .
Assessment of crop yield parameters
Experiments were harvested at yam maturity 9 and 10 months after planting (in December 2002 and in February 2004) at IITA and at Save, respectively. The weight and number of tubers per mound were recorded at harvest.
Assessment of nematode damage and population density
Nine tubers weighing 300-400 g each (size-2 tubers) were randomly selected per treatment and stored at ca. 25 C (Lyonga and Ayuk-Takem, 1982; Nwankiti et al., 1988; Osagie, 1992) . After 3 months storage, three of the nine size-2 tubers per treatment were randomly selected and re-weighed. Remaining tubers were subsequently used at 4 and 5 months after harvest and percentage weight loss calculated: 100 Â [(weight of tuber at assessment period À 100)/weight of tuber at harvest].
At harvest, size-1 tubers were assessed for dry rot severity, while size-2 tubers were assessed for dry rot severity both at harvest and during storage. Size-1 tubers were assessed only at harvest as these were in insufficient quantity for assessment at harvest and during storage. Three tubers were assessed per treatment in a block. Dry rot was scored according to an arbitrary scale of 0-4: 0 ¼ clean tuber; 1-4 ¼ tuber skin showing dry rot symptoms; 1 ¼ 1-25% low symptoms of damage; 2 ¼ 26-50% low to moderate symptoms of damage; 3 ¼ 51-75% moderate to severe symptoms of damage; 4 ¼ 76-100% highly severe symptoms of damage.
Tuber nematode population densities were determined at harvest and during storage (at 3, 4 and 5 months after harvest). For each assessment, nematode population density was determined from three tubers, randomly selected per treatment as previously described. Size-2 tubers were assessed at harvest and at monthly intervals between 3 and 5 months. This was undertaken in order to compare nematode population densities on different sized tubers at harvest. Insufficient size-1 tubers prevented such comparisons during storage.
Nematode population densities were assessed from the same size-2 tubers for which weight loss assessments were made.
Data analyses
Differences in nematode population densities and percentage weight loss in tubers between treatments were compared with ANOVA, using the SAS system, Version 8 for Windows 1999, following log 10 (xþ1) transformation of nematode population densities and arcsine(x) transformation of percentage weight loss. Treatment means were separated by Fisher's protected least significant difference (LSD) test or Standard Error, P 0.05.
Results
Assessment of crop yield and nematode damage at harvest
In the 2002-2003 experiment, there were no differences in yield per plant (P 0.05) among S. bradys populations ( 
Assessment of nematode population density prior to planting and at harvest
No S. bradys were recovered from the soil during the pre-plant assessment at either the IITA or Save site.
During the 2002-2003 experiment, the highest (P 0.05) nematode population densities at harvest on size-1 tubers were recorded for IsoGlaz on cv Tabane. The highest mean nematode population density was also recorded for IsoGlaz. For the other yam cultivars, population densities were similar across S. bradys populations. Cultivar Banioure was the most susceptible to S. bradys populations (Table 3a) (Table 3) . S. bradys population densities on size-1 tubers were higher than those on size-2 tubers for both experiments, except for IsoGlaz, for which the population density was higher on size-2 tubers at IITA (Table 4) .
In the 2002-2003 experiment, at harvest, the population density of IsoGlaz on the size-2 tubers was higher (P 0.05) than that of IsoSave or IsoToui (Fig. 1a) . In the 2003-2004 experiment, no differences in nematode population densities were observed among the three populations (Fig. 1b) . In both experiments, a few nematodes were recovered from uninoculated control tubers (Fig. 1). 3.3. Assessment of nematode population density, dry rot and tuber weight loss during storage
In the 2002-2003 experiment, tubers presented no symptoms of dry rot during storage. Nevertheless, 3 months after harvest an increase in nematode population densities was observed for all three populations. From the third month after harvest to conclusion of the experiment at 5 months, nematode population densities decreased on inoculated stored tubers for all three populations, with lowest (P 0.05) population densities recorded with IsoSave (Fig. 1a) .
In the 2003-2004 experiment, dry rot severity at harvest and during storage did not differ between S. bradys populations (P 0.05). Nematode population densities increased until the fourth month after harvest for all three populations and decreased thereafter. Four and 5 months after harvest higher (P 0.05) population densities of nematodes were recovered for IsoSave, compared with IsoToui-or IsoGlaz-inoculated tubers (Fig. 1b) . During 2002 During -2003 and 5 months after harvest, no differences in size-2 tuber weight loss were recorded between S. bradys population treatments. Weight loss of tubers was not affected (P 0.05) by nematodes when compared to tuber weight loss from uninoculated control treatments. Three months after harvest, the greatest weight loss was recorded for IsoSave (Fig. 2a) . In 2003 In -2004 at the third and the fifth months after harvest showed that tuber weight loss did not differ (P 0.05) between nematode population treatments. But 4 months after harvest, tuber weight loss was greatest for IsoToui, followed by IsoGlaz and IsoSave (Fig. 2b) . In 2002-2003, the mean tuber weight loss calculated across the storage period showed differences in weight loss of tubers between IsoSave-inoculated plants and IsoGlaz-inoculated and control plants and higher weight losses were observed for tubers from IsoToui-and IsoSave-inoculated plants, compared with tubers from control plants (Table 5 ). In 2003-2004, differences in weight loss of tubers were observed between inoculated and control plants with the highest weight loss observed for tubers from IsoToui-inoculated plants (Table 5 ).
Discussion
Although the populations used in this study appeared to multiply at different rates, this did not affect the number of tubers produced or dry rot severity over the duration of the study. The effect of the nematodes on dry rot severity at harvest has also been observed by Ayala and Acosta (1971) and Bridge (1973) who also concluded that S. bradys did not cause reduction in yield of yam. However, they reported that S. bradys caused a marked reduction in the marketable value of the tubers during storage. The dry rot symptoms observed on tubers from Save, although no symptoms of tuber dry rot were observed at IITA, indicate that yam tuber dry rot is possibly a consequence of climate in combination with S. bradys, which is dependent on yam cultivar. The results obtained, in terms of tuber weight and nematode population density, provides further information that variability between S. bradys populations likely exists and which may be related to molecular and morphological differences (Coyne et al., 2005b) . The fact that population densities of the different populations varied between experiments may be related to the conditions at each experimental site. Environmental factors such as rainfall, temperature, humidity, and soil type (Mai, 1985; Curran et al., 1986; Sasser, 1990 ) may be more favourable for multiplication of the nematodes at IITA than at Save. Luc and Hoestra (1960) indicated that in West Africa, the red soil type was more favourable to S. bradys than fine or coarse sand soil conditions. Initiation of growth of size-1 tubers may have begun before that of size-2 tubers (Tourei and Ahoussou, 1982) , which may explain the earlier recorded infection of size-1 tubers and the higher nematode population densities recovered at harvest on size-1 tubers, compared with those on size-2 tubers. The decrease in nematode population densities with duration of storage may be related to the high nematode population densities on the tubers during those periods, leading to competition for nutrients on small tubers (300-400 g each). However, this does not fully explain the situation, as nematode population densities of much higher levels have been observed on marketed yam in Nigeria (Bridge, 1973) . The decrease in nematode population densities during storage may also be related to the physiological changes in the yam tubers, which can affect multiplication of nematodes. Adesiyan et al. (1975) found that the increase in monosaccharides in S. bradys-infected yam tubers explained one mode by which the nematode predisposes yam tubers to infection by secondary pathogens (fungi and bacteria). The activities of these invaders subsequently speed up other physiological processes, such as respiration and water loss, which can affect tuber storage life and S. bradys multiplication adversely (Cadet and Qué né hervé , 1994) . This contradicts other observations, however, where S. bradys populations increased 9-to 14-fold on D. rotundata tubers over a 5-6 month storage period Bridge (1973) , and five-to eight-fold on D. alata and D. cayenensis over a similar period Adesiyan (1977) . The tubers stored by Bridge (1973) and Adesiyan (1977) were possibly larger than those assessed in the current study. The nematodes recovered from the control tubers were most probably a result of a small number of nematodes surviving the hot water treatment of the planting material and which multiplied during the vegetative period of yam plants and storage of tubers. The differences in weight loss between S. bradys-infected and control tubers (especially in the 2003-2004 experiment) confirm observations by Wood et al. (1980) , who indicated that diseased tubers harvested from the field in Nigeria lost up to 29% more weight than healthy tubers. Weight loss occurs during storage due to moisture loss through epidermal layers (Ayala and Acosta, 1971; Bridge, 1973) and as a result of natural metabolic processes, such as respiration. These metabolic processes are more accentuated in tubers infected with nematodes (Cadet and Qué né hervé , 1994) and nematode feeding sites are zones of high metabolic activity (Jones, 1981) .
Variation in pathogenicity and the existence of host races and pathotypes or biotypes of plant-parasitic nematodes has previously been recognised for a number of species, such as root-knot nematodes (Meloidogyne spp.), cyst nematodes (Heterodera spp. and Globodera spp.) and stem nematodes (Ditylenchus spp.) (Starr et al., 2002; Luc et al., 2005) and particularly for Radopholus similis (Dochez, 2004) . Variants may differ in their reproductive potential on host species or cultivars, which consequently has important implications for the development of pest management strategies. The identification of biotypes or highly virulent populations is particularly important in breeding for resistance against these pests (Bakker et al., 1993) . The results of the current study provide preliminary indication that populations of S. bradys with different levels of virulence may exist. The results were not consistent between experiments, but the second year's experiment indicated greater detrimental effect with IsoToui and IsoGlaz on weight of tubers, percentage weight loss and dry rot of tubers, and nematode population density than with IsoSave. Further studies would therefore be necessary with higher initial nematode population densities, and possibly more susceptible yam cultivars to more clearly define differences between the different S. bradys populations. 
